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Abstract 
Soybean (Glycine max L.) is rich in nutrients and bioactive substances such as J-aminobutyric acid (GABA), 
which has physiological functions. In general, soybean is often soaked in water prior to cooking. During water 
sorption into soybean matrix, component in soybean could be changed by internal enzymes responsible for 
proteolysis, amino acid metabolisms, and other biological synthetic reactions. In this study, we focused on the 
enzymatic reaction of glutamic acid (Glu) to GABA catalyzed by glutamate decarboxylase (GAD). We applied high 
pressure (HP) on water-soaked and Glu (0.01, 0.05 g/ml)-soaked soybean cotyledon as a cellular biological material, 
and investigate the effects of HP on bioconversion of Glu to GABA from the viewpoints of the cell structure and 
enzymatic reaction system. Damage to cell structure was evaluated by measuring dielectric properties using the Cole-
Cole arc, the radius of which decreased as pressure level increased. Results suggested that cell structure was damaged 
by HP. After preservation, concentrations of most amino acids increased in pressurized soybeans after soaking in 
water compared with unpressurized ones. HP caused a slight increase in GABA concentration in water-soaked 
samples, but would be predicted to cause a greater increase in Glu-soaked samples, since Glu is a precursor of 
GABA. The highest GABA concentration was 4.20 Pmol/g (12.35 Pmol/g dry basis, d.b.) in Glu-soaked (0.05 g/ml) 
pressurized soybean at 2-d, while that in water-soaked at 0-d was 0.90 Pmol/g. GABA concentration eventually 
increased 5-fold during preservation. We concluded that HP with precursor feeding could lead to high accumulation 
of target compound. These events can be considered “high-pressure induced transformation (Hi-Pit)” of soybean. 
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1.Introduction 
Soybean has many bioactive substances such as J-aminobutyric acid (GABA). GABA processes 
physiological functions of hypotension induction and diuretic effects, therefore high accumulation of 
GABA in agroproducts have been attractive. GABA accumulation in plants is caused by a variety of 
environmental stress conditions including hypoxia, temperature shock, and mechanical manipulation.  
In our previous paper, high pressure (HP) of 200 MPa on water-soaked soybean resulted in 
accumulation of GABA and other free amino acids, due to proteolysis utilizing internal enzymes [1]. In 
the pressure range of approximately 200 to 400 MPa, certain enzymes in an agroproduct would be active 
[2], but the internal structure was partially damaged [3]. Therefore, if HP would confer suitable 
conditions for a certain biochemical reaction to the inside of an agroproduct, the agroproduct could 
behave a bioreactor [4]. 
In this study, we applied HP on water-soaked soybean and Glu-soaked soybean seeds as a cellular 
biological material, and investigate the effects of HP on bioconversion of Glu to GABA catalysed by 
glutamate decarboxylase (GAD) from the viewpoints of the cell structure and enzymatic reaction system. 
2.  Materials & Methods
2.1 HP treatment and subsequent preservation.  
Soybean seeds were purchased at a local market in Niigata Japan. A 20 g of soybean seeds and 60 g of 
sodium glutamate solution (0 to 0.5 g/ml) were vacuum-packed in a polyethylene pouch; sodium azide 
(0.2 w/v %) was added to prevent microbial growth. Samples were allowed to imbibe and swell at 25oC 
for 22 h. Each pack of the soaked soybean samples were put into the stainless-steel vessel of the HP 
apparatus (HR-7-BS, Hikari Kouatsu, Hiroshima, Japan). The samples were pressurized at 200 MPa for 
10 min. The temperature of hydraulic water was settled at 25oC with circulating temperature-controlled 
water around pressure vessel. After HP treatment, samples were washed with deionized water and swept 
with paper towel to remove water or glutamate solution on surface. Soybean seeds were separately 
packed in 5 pouches, and preserved for 4 days at 25oC.   
2.2 Free amino acid analysis.   
Soybean seeds were ground in deionized water. The extract was centrifuged and the supernatant were 
measured by GC-FID (GC-14A, Shimadzu, Kyoto, Japan) utilizing amino acid analysis kit [6]. HPLC 
(2080, JASCO, Tokyo, Japan) utilizing dabsylization method was also used for amino acid analysis. The 
HPLC analysis was performed with ODS column (Capcellpak C18, Shiseido, Tokyo, Japan) at 30oC, UV-
VIS detector at 425 nm, and gradient method. 
2.3 Dielectric measurement.   
Swelled soybean seeds were cut in half along with long axis, and the seed full was peeled off. The 
cotyledon of the half-seed was inserted between two Ti-Pt electrodes, each 1.0 mm in outer diameter with 
5.0 mm interelectrode distance from the equatorial plane. Dielectric properties were measured at 
frequencies between 100 Hz to 5 MHz using LCR meter at room temperature (3532-50, Hioki, Nagano, 
Japan). For each sample, resistance (horizontal axis) was plotted against reactance (vertical axis), giving 
rise to Cole-Cole plot [2]. From the obtained Cole-Cole plot, the radius of arc was calculated to evaluate 
the damage of cell structure.   
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2.4 GAD activity analysis. 
Soybean seeds were ground with 50 mM sodium phosphate buffer (pH 5.8), containing 0.2 mM 
pyridoxal 5’- phosphate (PLP), 1 mM phenylmethylsulfonylfluoride, 0.2 mM 2-mercaptoethanol and 2 
mM EDTA. After homogenisation and centrifugation, sodium ammonium sulfate was added to 30% 
saturation, finally the precipitate of 50% saturation solution was collected. The precipitate was then 
dissolved in 50 mM sodium phosphate buffer and dialyzed with membrane (Por3, MWCO 3500, 
Spectrum lab. USA). The supernatant of the dialysate was called crude GAD. The crude GAD was mixed 
with 50 mM sodium phosphate buffer containing Glu (10 to 1000 mM) as substrate with 0.2 mM PLP. 
After incubation of this reaction mixture at 40oC for 60 min, the reaction was terminated at 90oC for 5 
min and then placed on ice. The solution was ultra-filtrated (AmiconUltra, Millipore, USA). The GABA 
concentration of filtrated solution was determined by HPLC. 
3. Results & Discussion 
HP treatment resulted in high accumulation of free amino acids in water-soaked soybean, due to 
proteolysis. To analyse the process by which GABA, Glu, and Gln are generated in pressurized soybean, 
we made scatter plots of concentration values after HP treatment (vertical axis) vs. values without HP 
treatment (horizontal axis).  
Immediately after HP treatment, the slopes of scatter plots were around 1.0 (Fig.1-A). The results 
showed that HP effects on the distribution of free amino acids were limited immediately after HP 
treatment. On the other hand, scatter plots of values after 2-d preservation, water-soaking vs. values after 
water-soaking and HP treatment at 2-d are plotted linearly, giving a straight line with a larger slope than a 
unit (Fig.1-B). This result indicates that HP treatment promotes proteolysis in pressurized soybean. In 
general, two types of physiological processes, proteolysis or amino acid metabolism, produce free amino 
acids. Proteolysis leads to increase amino acid concentration, while amino acid metabolism leads to 
decrease in amino acid concentration.  
The radius of Cole-Cole plot decreased as pressure level increased. Results suggested that cell structure 
was damaged by HP. HP-treated soybean at 200 MPa showed partially damaged.  
To investigate the enzymatic reaction from Glu to GABA catalysed by GAD under this pressure level, 
the apparent GAD activities in untreated and HP-treated soybean seeds were measured immediately after 
HP treatment and 2-d preservation. The apparent GAD activities in HP-treated soybean were still retained 
even after 2-d preservation, and the values in immediately after HP treatment and after 2-d preservation 
showed similar activities. However, the apparent GAD activities in HP-treated soybeans were smaller 
than those in untreated soybeans. Based on this finding, we examined amino acid distribution in HP-
treated soybean retaining GAD activity. 
HP treatment at 200 MPa for 10 min led to partial damage on the internal structure of presoaked 
soybean seeds. Cellular membrane systems were damaged in HP-treated soybean. Untreated soybean 
itself would have functions for retaining the internal condition. However partially damaged HP-treated 
soybean would decrease in functions and then there would be Glu concentration gradient in HP-treated 
soybean. Therefore, HP treatment would lead to increase in GABA concentration in spite of GAD activity 
decreasing in HP-treated soybean. HP resulted in high accumulation of free amino acids in water-soaked 
soybean, due to proteolysis.  
In order to increase the production of target components utilizing internal enzymes, precursor feeding 
studies were reported in a perennial herb [6] and in a tomato [7]. Based on the precursor feeding studies 
and our previous study, the combinations of precursor feeding and HP treatment on soybean might result 
in bioconversion of Glu, which would lead to high GABA accumulation. HP treatment with precursor 
feeding after 2-d preservation showed significantly larger slope than a unit, which was 1.34 in presoak-
845Shigeaki Ueno et al. / Procedia Food Science 1 (2011) 842 – 846
Glu concentration of 0.01 g/ml (Fig.1-D), and was 1.47 in presoak-Glu concentration of 0.05 g/ml (Fig.1-
F).  
To investigate the effect of the combination of precursor feeding and HP treatment on GABA 
concentration, the distribution dynamics of GABA in soybean were also analysed. HP treatment caused a 
slight increase in GABA concentration in water-soaked samples, but would be predicted to cause a 
greater increase in Glu-soaked samples, since Glu is a precursor of GABA in GAD reaction. The highest 
GABA concentration was 4.20 Pmol/g-soybean in Glu-soaked (0.05 g/ml) pressurized soybean at 2-d, 
while that in water-soaked at 0-d was 0.90 Pmol/g. GABA concentration eventually increased 5-fold 
during preservation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Scatter plots of free amino acids concentrations between untreated and HP-treated soybean soaked in Glu concentration of 0 
g/ml at 0-d (A) and 2-d (B), in Glu concentration of 0.01 g/ml at 0-d (C) and 2-d (D), in Glu concentration of 0.05 g/ml at 0-d (E) 
and 2-d (F) preservation. Points in figures showed the concentrations of certain free amino acids in untreated (horizontal axis) and 
HP-treated soybean (vertical axis). Values are averages of three experiments 
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The slope of scatter plot for GABA, Gln, Gly, Met and Thr in Glu-soaked (0.05 g/ml) and HP-treated 
soybean was estimated 1.89. This value was significantly larger than 1.27 of water-soaked and HP-treated 
soybean. Comparing with these results, the effect of precursor feeding and HP treatment lead the high 
accumulation of five amino acids including GABA. GABA was produced primarily by D-decerboxylation 
of Glu catalysed by GAD. Glu is not only the substrate for GABA but also is the substrate for Gly. Glu is 
reversibly converted to Gly by glutamate aminotransferase, and then Gly is reversibly converted to Thr by 
threonine aldolase. Consequently, metabolic pathways associated with Glu related components would be 
accelerated in Glu-soaked and HP-treated soybeans. 
HP-treated and Glu-soaked soybean caused higher accumulation of GABA, suggesting that both 
proteolysis and specific Glu metabolism were accelerated by HP treatment. 
4. Conclusion 
The combination of HP with precursor feeding is a novel tool to increase target components. These 
phycico-chemical changes in HP-treated foodstuffs are called “high-pressure induced transformation (Hi-
Pit)”. Application of “Hi-Pit” provides an insight into a new technology for functional food processing. 
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